Purpose. To review and compare the postoperative outcomes of 3 types of shoulder reconstructions: prosthetic arthroplasty, clavicula pro humero reconstruction, and allograft arthrodesis. Methods. Records of 25 shoulder reconstructions following tumour resection were retrospectively reviewed. Perioperative data, oncological prognoses, postoperative complications, and functions were assessed. Results. We performed 10 prosthetic arthroplasties, 7 clavicula pro humero procedures, 4 allograft arthrodeses, and 4 soft tissue reconstructions. Eight patients died of their diseases. 2007;15(2):201-6 and the Toronto Extremity Salvage Score were: 77% and 82% for prosthetic arthroplasties, 67% and 62% for clavicula pro humero procedures, 83% and 70% for allograft arthrodeses, and 93% and 98% for soft tissue reconstructions. Conclusion. A stable construct is the treatment goal for shoulder reconstructions, as it enables effective function of the arm and hand.
INTRODUCTION
For high-grade malignant tumours of the shoulder girdle, limb salvage operations (rather than forequarter amputation) have become treatments of choice since 1970, 1 as they offer both functional and cosmetic advantages. However, a salvaged flail shoulder may result in traction neuropathy and reduced function of the hand, forearm, and elbow, due to mechanical instability. 1 To stabilise the joint and preserve range of movement, various types of shoulder reconstructions have been described: prosthetic arthroplasty, osteoarticular allograft arthroplasty, free vascularised fibula graft, clavicula pro humero procedure, and arthrodesis, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] but there is no consensus on the gold standard.
We therefore reviewed and compared the oncologic prognoses, postoperative functions and complications, and reconstruction failures of 3 types of shoulder reconstructions: prosthetic arthroplasty, clavicula pro humero reconstruction, and allograft arthrodesis.
MATERIALS AND METHODS
Between February 1996 and November 2004, 25 shoulder girdles were reconstructed following tumour resection. The clinical data of the 16 men and 9 women aged 13 to 77 (mean, 42) years were retrospectively reviewed. The tumours were located in the proximal humerus (n=15), proximal to distal humerus (n=1), scapula (n=5), clavicle (n=1), and soft tissues (n=3). The histological diagnoses of the bone lesions were: osteosarcomas (n=10), chondrosarcomas (n=8), poorly differentiated sarcoma (n=1), giant cell tumours (n=2), and chondroblastoma (n=1); whereas the soft tissue tumours were: an extraskeletal Ewing's sarcoma, a pleomorphic sarcoma, and a leiomyosarcoma. Tumours were classified according to the Enneking's staging system. 15 Resections were classified according to Malawer et al. 16 ( Fig. 1 ). There were 5 type-I, 2 type-II, 2 type-III, 0 type-IV, 11 type-V, and 2 type-VI resections. The remaining 3 were total humeral resections, acromial and lateral clavicle resections, and total clavicle resections ( Table 1 ). All sarcomas were resected with wide margins, except in patient 4 who had a stage-IIIB lesion. All aggressive benign bone tumours were resected with marginal margins. Preoperative radiotherapy was performed for 2 soft tissue sarcomas.
21 patients underwent skeletal reconstruction, and the remaining 4 had soft tissue reconstruction only. For prosthetic arthroplasty, the prosthesis was secured with thick synthetic sutures and local muscle transfers (Fig. 2a) to the rotator cuff (type-I resection), acromium (type-V resection), or second rib and clavicle (type-VI resection), and attachment to the bony projections using Dacron tape. Mesh was used to secure total humeral prostheses to the glenoid, and scapular prostheses to the humerus. In clavicular pro humero reconstruction, the clavicle was divided medially and rotated downwards and osteosynthesised to the osteotomised humerus with plates and screws ( Fig. 2b) , 7 with local muscle transfers. In allograft arthrodesis, the proximal humeral allograft was attached to the glenoid with plates and screws after filling the intramedullary space with cement ( Fig. 2c) .
Postoperative limb function was evaluated at out-patient clinics or via telephone interview, using the Musculoskeletal Tumor Society-International Symposium on Limb Salvage system (MSTS-ISOLS) 17 and the Toronto Extremity Salvage Score (TESS). 18 MSTS-ISOLS consists of 6 items (pain, function, emotional acceptance, position of the hand, manual dexterity, and lifting ability), and the maximum score is 30. TESS is a questionnaire on 29 activities of daily living (score ranges from one to 5, one indicates inability to perform and 5 no difficulty). Both scores were converted to percentages.
RESULTS
The mean operating time was 207 (range, 95-378) minutes. The clavicula pro humero reconstruction was the most complex and time-consuming, followed by allograft arthrodesis, prosthetic arthroplasty, and soft tissue reconstruction. Corresponding means (ranges) for operating times were: 248 (154-378), 237 (198-275), 216 (95-325), and 137 (113-135) minutes. The mean hospital stay was 7 (range, 3-13) days; the longest being for prosthetic arthroplasty and the clavicula pro humero procedure, followed by allograft arthrodesis and soft tissue reconstruction. Corresponding means (ranges) for hospital stay were: 8 (5-13), 8 (7-9), 7 (6-7), and 5 (3-6) days.
The mean follow-up period was 21 (range, 1-106) months. 15 patients who underwent resection for high-grade sarcomas (Enneking stages II and III) were followed up for a mean of 18 (range, 1-49) months. Among them, 4 remained disease free, 2 had no evidence of disease after metastasectomies, one was living with metastases, and 8 died of their disease. The 7 patients who underwent resection of low-grade sarcomas (Enneking stage I) remained disease-free with a mean follow-up of 13 (range, 1-56) months, as did the remaining 3 patients with aggressive benign tumours ( Table 2) . Two patients had recurrence; both underwent the clavicula pro humero procedure. One had a forequarter amputation 8 months after surgery, and died of lung metastases 5 months later. The other had a recurrence 6 months after surgery, and died of lung metastases 2 months later.
19 of 21 skeletal reconstructions achieved a stable shoulder; 3 had major complications and underwent revision surgery (2 of which resulted in unstable shoulders). Patient 2 had superior subluxation of the proximal humeral prosthesis to the acromion several months after surgery. The joint was stabilised with the pectoralis major 6 months after surgery. However, 6 months later the prosthesis and allograft were removed due to deep infection, eventually resulting in a flail shoulder. Patient 8 had inferior dislocation of the proximal humeral prosthesis associated with a dragging sensation, paraesthesia, and limited function of the arm and hand, due to shoulder instability. The prosthesis had dropped about 8 cm from the acromion. Five months after surgery, the prosthesis was re-secured to the acromion and clavicle using mesh and thick synthetic sutures. Nonetheless, subluxation and the dragging sensation recurred 5 months later. The arm was supported by a brace until his death from disease half a year later. Patient 19 fractured the allograft 34 months after surgery. Arthrodesis was converted to an allograft-prosthesis composite arthroplasty. The patient had no complaints 9 months later. Minor complications were treated conservatively. One patient who underwent clavicula pro humero reconstruction had acromioclavicular ligament laxity, which was asymptomatic and supported with a sling.
Ten patients attended the MSTS-ISOLS and TESS assessments. The mean overall MSTS-ISOLS and TESS scores for patients undergoing skeletal reconstructions were 76% and 74% respectively. Mean scores were higher for manual dexterity, pain, and emotional acceptance (4.9, 4.7, and 4.3 respectively), but lower for function and lifting ability (2.4 and 3.0 respectively). For soft tissue reconstruction, allograft arthrodesis, prosthetic arthroplasty, and clavicula pro humero procedures; respective mean MSTS-ISOLS scores were 93%, 83%, 76%, and 72%; respective mean TESS scores were 98%, 70%, 82%, and 62%; and respective mean ranges of active shoulder elevation were 160º, 70º, 27º, and 25º.
DISCUSSION
Patients with tumours at the shoulder girdle were generally younger, for whom the treatment goal was therefore to preserve limb function. A stable shoulder construct is important for adequate function of the arm and hand. Most patients were satisfied with the functional outcome as indicated by their MSTS-ISOLS and TESS scores. Moreover, they were similar among the 3 skeletal reconstructions, and consistent with results from another study (comparing prosthetic arthroplasty, clavicula pro humero reconstruction, and osteo-articular allograft arthroplasty). Soft tissue reconstruction along with prosthetic reconstructions is important in achieving shoulder stability.
3,11 A combination of static and dynamic reconstructions can prevent flail shoulder and improve function in prosthetic arthroplasty for type-V resections. 3, 12 The proximal prosthesis is secured to the clavicle and scapula with Dacron tapes as a static suspension, and the origin of the short head of the biceps at the end of the clavicle as a dynamic suspension.
To perform activities of daily living, a functional limb requires preservation of dexterity in the elbows and hands. Although shoulder reconstructions provide stability, active range of movement is sacrificed. The best result obtained was 40º of active elevation from a patient undergoing allograft arthrodesis. It is important to make the patients aware of such restrictions before surgery. Enneking 2 recommended arthrodesis to restore active abduction and painless stability after excision of the proximal humerus, as this transfers the site of movement from the glenohumeral to thoracoscapular joint.
A reverse shoulder prosthesis reconstruction after type-IA resection was reported to achieve full functional recovery of the shoulder, 14 with preservation of the axillary nerve and most of the deltoid. However, due to the short follow-up in our patients, it was not known whether there might be future loosening (caused by the constrained design of the prosthesis).
Local, non-tumour-related complications are relatively frequent in shoulder reconstructions, ranging from 20 to 47%. 4, 9 In our study, the rate was 24% (6 complications), 3 of which required revision. The clavicula pro humero procedure required more revision than prosthetic arthroplasty or osteo-articular allograft arthroplasty 11 ; the indications for revision were recurrent fracture, infection, and skin perforation of the acromion process. In our study, ruptured acromioclavicular ligament occurred in only one of 7 clavicula pro humero reconstructions. We therefore consider it to be a reliable reconstructive option. Allograft arthrodesis risks fractures of the allograft and infection. 6, 8 There was one fracture in 4 such procedures we performed. Given the small sample size, the statistical power of our results for drawing meaningful conclusions is limited and hence a multicentre study is needed.
CONCLUSION
The results from our patients are comparable to those of other studies. A stable shoulder is required to preserve good function of the arm and hand. Nonetheless, stability means restriction in the range of movement, which patients must be made aware of prior to surgery. The 3 types of skeletal reconstructions achieved similar functional outcomes. To achieve superior outcomes, a multidisciplinary approach is needed.
